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T-Cell Epitope Identification

This is an intermediate page used far validating your previously selected guery results
data, Selections that are invalid because they are missing data necessary for tool
execution are indicated with a red border

m'ﬂ' Epitope [ @ Source Protein
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The T cell epitope identification tools implement a number of methods to scan a set of
amino acid sequences for peptides that are potential T cell epitopes. Use the radio
buttons in the header row of the table to specify if sequences of epitopes ar their
source proteins should be scanned. Use the checkboxes on the left to select which rows
this applies to. The list box below the table selects if the sequences will be scanned
using predictions of peptide binding to MHC alone or including two additional processing
steps: proteasomal cleavage and TAP transport, When selecting predictions for protein
sequences, please allow some time for their retrieval from GenBank.
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amino acid sequences for peptides that are potential T cell epitopes. Use the radio
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source proteins should be scanned. Use the checkboxes on the left to select which rows
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steps: proteasomal cleavage and TAP transport, When selecting predictions for protein
sequences, please allow some time for their retrieval from GenBank.




Eile Edit Wiew iGo

Bookmarks  Tools  Help

D ANALYSIS RESOURCE

N\ 7 IMMUNE EPITOPE DATABASE

T-Cell Epitope Identification

This is an intermediate page used far validating your previously selected guery results
data, Selections that are invalid because they are missing data necessary for tool
execution are indicated with a red border

e

e

| [ ] Epitupe ll?l":'ﬂ:nurl:la- Protein
™ | [RTFSFQLI  |NS2

._ GLKGGPSTE Matrm protein 2
| [#] | SSLENFR.&W F‘I:I|'5.-'I'I'|EFEISE amdn:: prn:ntem I:F'.-':‘-.:I

. QSNENMETM Nuclenprutem
. L‘HQNUGT‘N Hemagglutmm precursar

i Send to Tool -
| hlruilru] prediction

T MHC class | processing prediction plement a number of methods to scan a set of

& MHC class |l hinding prediction t are potential T cell epitopes. Use the radio
buttons 10 the hieader row of the £able to specify if sequences of epitopes or their
source proteins should be scanned. Use the checkboxes on the left to select which rows
this applies to. The list box below the table selects if the sequences will be scanned
using predictions of peptide binding to MHC alone or including two additional processing
steps: proteasomal cleavage and TAP transport, When selecting predictions for protein
sequences, please allow some time for their retrieval from GenBank.
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MHC-I binding predictions

# Prediction Home

Specify Sequence(s)

s Tutaorial »138967 | Nonstructural protein Na:Z2 L
s Exarmpla Data ML PN TVESFOD ILLENSKMOLESSSGDLNGMITOFESLELYRDSLGEAVMRMGD LHAL O E
Example Zatd FNEEWREQLGOKFEEIRVLIEEVRHELEITENSFEQITFMOALHLLLEVEQEIRTFSF QL
Enter I =
protein 56583270 |matrix protein £ [Influenea L wirus]
sequencel(s) |MSLLTEVETP IRNEWGCRCHGSSDPLATAANIIGILHLILWILDELFFECIVRRFEYGLE
GGPITEGVPESHREEYREE QI AVDADDGHFVSIELE
»133544 | FA-directed RMNAL polymerase subuhit P2 [(Polvmerase
goidic protein) (PA) el
or select file
containing | |[ Browse... ]
sequencels)
Choose
SEQUEnCE | auto detect format b |
format

Specify what to make binding predictions for

species mouse =

MHC allele H-2 Db 1

Peptide

length
Specify Output

Sort
peptides by

Show | All predictions W | cutoff I:I

| Fosition in sequence | % |
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Help is available here,
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MHC-I binding predictions - Tutorial

e Pradiction Home How to obtain predictions

s Tutorial This website provides access to predictions of peptide binding to MHC class I molecules.
The screenshot below illustrates the steps necessary to make a prediction. Each of the
« Example Data steps is described in more detail below,
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MHE-1 binding predictions
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1. Specify sequences

First specify the sequences you want to scan for binding peptides. The seguences
should either be entered directly into the textarea field labeled "Enter protein
sequencel(s), aor can be taken from a file that has to be uploaded using the button
labeled "Browse",

The sequences can be supplied in three different formats:

* Space separated sequences
& Dne continuous sequence
¢ FASTA format

The format of the sequences can be specified explicitly wusing the list box labeled
"Choose sequence format", If that list box is set to "auto detect format”, the input will

be interpreted as FASTA if an opening "=" character is found, or as a continuous
seguence otherwise,

Al sequences have to be amino acids specified in single letter code {acoErss IELMWE GRET)

2. Specify what to make predictions for

Predictions are limited to peptides of one specific length binding to one specific allele at
a time. The allele { peptide length combination can be selected using the list boxes in
this section. Far same allele f peptide length combinations, no prediction tools exist
because there is too little experimental data available to generate them.

Selections in the listhoxes in this section influence the values available in others, For
example, selecting "mouse" as the MHC source species will limit the selections available
in the MHC allele listhox, Similarly, the allele chosen will limit the available peptide
lenaths.

3. Specify the output

ediction output is displayed. Using the "Sort
tted by the order of the peptides in their
o affinity.

The menus in this section change how th
peptides by" listhox, the results can be p
source sequence (default) ar by their pr

Tao limit the number of results displayed, which can significantly speed up the tirme it
takes to make a prediction, it is possible to define an upper boundary for the prediction
in the "cutoff” field. Note that the listbox preceding the "cutoff” field has to be set to

"MHC nredictions hetter than' for the cutoff to take effect
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To reuse the prediction results in an external program, it is possible to retrieve the
predictions in a plain text format, To do this, choose "Text file" in the output format
listhox,

4, Choose a prediction method

The prediction method list box allows choosing between three currently implemented
MHC class I hinding prediction methods:

s Artificial neural netwark {ann)
s Sverage relative binding {arb)
¢ Stabilized matrix method {smm)

Please note that changing the prediction method can influence what allele / peptide
length combinations are available in section 2. For example, the neural network
prediction is currently limited to peptides of length 9.

The IEDE team is in the process of making a formalized comparison of the performance

of the three methods. Until that is completed, no guidance can be given as to which
method should be chosen,

5. Submit the prediction

This one is easy. Click the submit button, and a result screen similar to the one below
should appear.

Interpreting prediction output

Below is a screenshot of a prediction output page, with four relevant sections marked
that are described in more detail below.

\‘7 IMMUNE EPITOPE DATABASE

Pesult

Input Sequences

) |,
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Armstrong,  MGOIVTMFEALPHIIDEWVINDYITWLIVITGIEAWWMFATC GIFALISFLLLAGRES
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H-2Db | 1:3-11 ] QIVTMFEAL a0l.1 A
H-ZDb | 1d-1Z 9 [VTMFEALP 412z.1
3 H-2 Db 1:5-13 9 YTMFEALPH 3507.9
H-200 | Li&ls 9 TMFEALPHI 191.7
H-20b | 1715 g MFESLPHII 74005
H-Z2Db | 1516 9 FEALPHIID 616,86
H-2 Db | 1:9=17 ] EALPHIIDE 308.0
H-2 Db [ 112 [ a GLPHIIDEY | L1715.5
H-2 Db 1:11-19 . a LPHITIDEYT 02768

1. Input Sequences

This table displays the sequences and their names extracted from the user input, If no
names were assigned by the user (which is only possible in FASTA format), the
sequences are numbered in their input arder (sequence 1, sequence 2, ...

2. Filter predictions

By adding a cutoff in the input field and clicking the "Add Filter" button, only peptides
with an affinity better than the cutoff value are displayed.

3. Prediction output table

Each row in this table corresponds to one peptide binding prediction. The columns
contain the allele the prediction was made for, the position of the peptide in the input
seqguences (in the format [Sequence #]: [Start Position] - [End Position]), the length of
the peptide, the peptide sequence and the predicted affinity. The table can be sorted by
clicking on the table column headers,

4, Interpreting predicted affinities

The predicted output is given in units of ICsgnM. Therefore a lower number indicates
higher affinity. A5 a rough guideline, peptides with ICsg values <50 nM are considerad

high affinity, <500 nM intermediate affinity and <5000 nM low affinity, Most known
epitopes have high or intermediate affinity. Some epitopes have low affinity, but no
khown T-cell epitope has an ICsg value greater than 5000,

YWhile the output of the predictions is quantitative, there are systematic deviations from
experimeantal ICsg values, For example, the makeup of the training data and the
prediction methods used have a non-trivial impact on the range of predicted ICsg
values, & detailed evaluation of the correlation between predicted ICS0 and antigenicity
of peptides is currently being conducted which will help to better interpret prediction
results,
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MHC-I binding predictions - Example data

Choose one of the radio buttons below to select protein sequencels) containing MHC

s Prediction Home class I epitopes described in the literature with defined MHC restrictions for which
. predictions are available. These sequences will be transfered to the MHC class [ binding
» Tutorial predictions when clicking the "Submit" button, These test-datasets are meant to
e Example Data demonstrate the functionality of the tools and are by no means considered equivalent to
Exdmple Uata a formal performance evaluation.,

® GP and MNP protein of LCMY virus strain armstrong

Peptide | Length | MHC restriction

FQPOMGOFI 9 H-2 Db
KAVYHEATC |9 H-2 Db
ISHMFCML |8 H-2 Kb
YTWEYPML 8 H-2 Kb

) 54RS spike protein

Peptide | Length | MHC restriction

FIAGLIATY |9 HLA A*0201
LITGRLOQSL |2 HLA A*0201
FLMEVAKML |9 HL& A* 0201

el

You can also use these sequences with MHC class I processing predictions
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YeELEGPD IVEGYYOFKSVEFDMSHLNL THPNAC S ANNSHHY IS MGTSGLELTFTHNDSII

Entar SHNFCHNL TR AFNEKETFDHTLES IV S LHLI IRGHN AN YEAVACDFNNGITIOYNLTFZD A =

protein OB A OC R TFRGEVLDHFRTAF GGEYHRIGUWGHTGIDGETTWCZOTEYOYL I IQNETWE

SEQUEHEEI:S:I NHCTYAGPFGHRRILLIQERKTEFFTRELAGTF TUTLEDSSGVENPGGYCLTEWMILALE
LECFGNTAVAKCHVINHD AEFCDNLEL IDVNELALSKFEEDVES ALHLFETTVNSLISDO
LLMENHLRD LMV P YN Y e KF WY LEHAK TGETSVPEC WLV TNGEYLNETHF 2DQIEQEL
DNMITEMLEEDYIKROGETPLALMDLLMF ST AYLVSIFLHLVEIFPTHREHIEGGSCPER w

or select file

containing |[ Browse... ]

sequencels)

Choose

sequence | auto detect format w |

format

Specify what to make binding predictions for

. human A
species

MHC allele | | HLAA*QT01 v |
et O |
lenigth 9 b

Sort - .

peptides by | Position in sequence V|

Show | All predictions e | cutoff I:I
Cutput

— | XHTMLtakle + |

Choose a Prediction Method

Prediction
Method

Help is available here,

v
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* Prediction Home Specify Sequence(s)
s Tutaorial *LCMV Armatrong, Protein GP ”
T e Mo IVTHFEALPHIIDEVINIVIIVLIVITGIEAVYNFATCGIFALISFLLLAGRICGH 7
YeELEGPD IVEGYYOFKSVEFDMSHLNL THPNAC S ANNSHHY IS MGTSGLELTFTHNDSII
Entar SHNFCHNL TR AFNEKETFDHTLES IV S LHLI IRGHN AN YEAVACDFNNGITIOYNLTFZD A =
protein OB A OC R TFRGEVLDHFRTAF GGEYHRIGUWGHTGIDGETTWCZOTEYOYL I IQNETWE
SEQUEHEEI:S:I NHCTYAGPFGHRRILLIQERKTEFFTRELAGTF TUTLEDSSGVENPGGYCLTEWMILALE
LECFGNTAVAKCHVINHD AEFCDNLEL IDVNELALSKFEEDVES ALHLFETTVNSLISDO
LLMENHLRD LMV P YN Y e KF WY LEHAK TGETSVPEC WLV TNGEYLNETHF 2DQIEQEL
DNMITEMLEEDYIKROGETPLALMDLLMF ST AYLVSIFLHLVEIFPTHREHIEGGSCPER w
or select file
containing |[ Browse... ]
sequencels)
Choose
Sequence | auto detect farmat v |
format

Specify what to make binding predictions for

MHZ source
species

human
MHC allele macanue
Peptide
lenigth

Specify Output

Sort SEI
peptides by | Fosition in sequence V|
Show | All predictions e | cutoff I:I
Cutput
— | XHTMLtakle + |

Choose a Prediction Method

Prediction
Method

Help is available here,

v
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* Prediction Home Specify Sequence(s)
s Tutaorial *LCMV Armatrong, Protein GP ”
T e Mo IVTHFEALPHIIDEVINIVIIVLIVITGIEAVYNFATCGIFALISFLLLAGRICGH 7
YeELEGPD IVEGYYOFKSVEFDMSHLNL THPNAC S ANNSHHY IS MGTSGLELTFTHNDSII
Entar SHNFCHNL TR AFNEKETFDHTLES IV S LHLI IRGHN AN YEAVACDFNNGITIOYNLTFZD A =
protein OB A OC R TFRGEVLDHFRTAF GGEYHRIGUWGHTGIDGETTWCZOTEYOYL I IQNETWE
SEQUEHEEI:S:I NHCTYAGPFGHRRILLIQERKTEFFTRELAGTF TUTLEDSSGVENPGGYCLTEWMILALE
LECFGNTAVAKCHVINHD AEFCDNLEL IDVNELALSKFEEDVES ALHLFETTVNSLISDO
LLMENHLRD LMV P YN Y e KF WY LEHAK TGETSVPEC WLV TNGEYLNETHF 2DQIEQEL
DNMITEMLEEDYIKROGETPLALMDLLMF ST AYLVSIFLHLVEIFPTHREHIEGGSCPER w
or select file
containing |[ Browse... ]
sequencels)
Choose
Sequence | auto detect farmat v |
format

Specify what to make binding predictions for

MHC source
species

MHC allele

Peptide
lenigth

Specify Output

Sort - .

peptides by | Position in sequence V|

Show | All predictions e | cutoff I:I
Cutput

— | XHTMLtakle + |

Choose a Prediction Method

Prediction
Method

Help is available here,

v
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* Prediction Home Specify Sequence(s)
s Tutaorial *LCMV Armatrong, Protein GP ”
T e Mo IVTHFEALPHIIDEVINIVIIVLIVITGIEAVYNFATCGIFALISFLLLAGRICGH 7
YeELEGPD IVEGYYOFKSVEFDMSHLNL THPNAC S ANNSHHY IS MGTSGLELTFTHNDSII
Entar SHNFCHNL TR AFNEKETFDHTLES IV S LHLI IRGHN AN YEAVACDFNNGITIOYNLTFZD A =
protein OB A OC R TFRGEVLDHFRTAF GGEYHRIGUWGHTGIDGETTWCZOTEYOYL I IQNETWE
SEQUEHEEI:S:I NHCTYAGPFGHRRILLIQERKTEFFTRELAGTF TUTLEDSSGVENPGGYCLTEWMILALE
LECFGNTAVAKCHVINHD AEFCDNLEL IDVNELALSKFEEDVES ALHLFETTVNSLISDO
LLMENHLRD LMV P YN Y e KF WY LEHAK TGETSVPEC WLV TNGEYLNETHF 2DQIEQEL
DNMITEMLEEDYIKROGETPLALMDLLMF ST AYLVSIFLHLVEIFPTHREHIEGGSCPER w
or select file
containing |[ Browse... ]
sequencels)
Choose
Sequence | auto detect farmat v |
format

Specify what to make binding predictions for
species mouse b
MHC allele ' '

Peptide
lenigth

Sort
peptides by

Show | All predictions e | cutoff I:I

Cutput
— | XHTMLtakle + |

Prediction
Method

| Fosition in sequence | % |

Choose a Prediction Method

Help is available here,

v
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* Prediction Home Specify Sequence(s)
s Tutaorial *LCMV Armatrong, Protein GP ”
T e Mo IVTHFEALPHIIDEVINIVIIVLIVITGIEAVYNFATCGIFALISFLLLAGRICGH 7
YeELEGPD IVEGYYOFKSVEFDMSHLNL THPNAC S ANNSHHY IS MGTSGLELTFTHNDSII
Entar SHNFCHNL TR AFNEKETFDHTLES IV S LHLI IRGHN AN YEAVACDFNNGITIOYNLTFZD A =
protein OB A OC R TFRGEVLDHFRTAF GGEYHRIGUWGHTGIDGETTWCZOTEYOYL I IQNETWE
SEQUEHEEI:S:I NHCTYAGPFGHRRILLIQERKTEFFTRELAGTF TUTLEDSSGVENPGGYCLTEWMILALE
LECFGNTAVAKCHVINHD AEFCDNLEL IDVNELALSKFEEDVES ALHLFETTVNSLISDO
LLMENHLRD LMV P YN Y e KF WY LEHAK TGETSVPEC WLV TNGEYLNETHF 2DQIEQEL
DNMITEMLEEDYIKROGETPLALMDLLMF ST AYLVSIFLHLVEIFPTHREHIEGGSCPER w
or select file
containing |[ Browse... ]
sequencels)
Choose
Sequence | auto detect farmat v |
format

Specify what to make binding predictions for
species mouse b
MHC allele H-2 Db »
Peptide
lenigth

Specify Output

Sort —
pgptideg by | MHC prediction scare | ¥ |

Show | bMHC prediction better than vl cutoff
Output

format |KHTM|—tﬂb|E Vl

Choose a Prediction Method

Prediction
Method

submit smim

Help is available here,

v
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* Prediction Home Specify Sequence(s)
s Tutaorial *LCMV Armatrong, Protein GP ”
T e Mo IVTHFEALPHIIDEVINIVIIVLIVITGIEAVYNFATCGIFALISFLLLAGRICGH 7
YeELEGPD IVEGYYOFKSVEFDMSHLNL THPNAC S ANNSHHY IS MGTSGLELTFTHNDSII
Entar SHNFCHNL TR AFNEKETFDHTLES IV S LHLI IRGHN AN YEAVACDFNNGITIOYNLTFZD A =
protein OB A OC R TFRGEVLDHFRTAF GGEYHRIGUWGHTGIDGETTWCZOTEYOYL I IQNETWE
SEQUEHEEI:S:I NHCTYAGPFGHRRILLIQERKTEFFTRELAGTF TUTLEDSSGVENPGGYCLTEWMILALE
LECFGNTAVAKCHVINHD AEFCDNLEL IDVNELALSKFEEDVES ALHLFETTVNSLISDO
LLMENHLRD LMV P YN Y e KF WY LEHAK TGETSVPEC WLV TNGEYLNETHF 2DQIEQEL
DNMITEMLEEDYIKROGETPLALMDLLMF ST AYLVSIFLHLVEIFPTHREHIEGGSCPER w
or select file
containing |[ Browse... ]
sequencels)
Choose
Sequence | auto detect farmat v |
format

Specify what to make binding predictions for
MHC =source
species
MHC allele H-2 Db »
Peptide
lenigth

Specify Output

Sort —
pgptideg by | MHC prediction scare | ¥ |

Show | bMHC prediction better than vl cutoff
Output

format |KHTM|—tﬂb|E Vl

Choose a Prediction Method

Prediction
Method

o

Help is available here,

v




©J MHC-I binding predictions - Mozilla Firefox = (8]
File Edit ‘Wwiew @o Bookmarks Tools  Help 0
Result =

* Proediction Home

+ Tutorial

* Frample Data

Input Sequences

e Name |

LMY
1 larmstrong, | MGODNVTMFEALPHIIDEVIMNDIVLDVITGIKAWYMFAT CGIFALISFLLLAGRSCGMYGLE GPDIVK GWYOFK SWEFDMSEH
Frotein GP

LMY
2 larmstrong, |MSLSKEBEVESFOWTOALRRELOSFTSDVEASVTE DATHLLNGLDFSEVSNYQRIMEEEKRDDEDLORELESLMNOTYHS L,
Protein MNP

Predictions - Low IC50 values = good binders

Help is available here

predicted 1C50 [nM] < | [ Add Filter |

Position | PeplLength Sequence ICE0 [nt]

H-z OD | 2:296-259 g Y Ter YR 5.0
H-z Ob | 2:396-404 9 | FopQnGoF 13.0
H-z Db |1:353-361 9 DOLLMRMHL 17.9
H-2 Ob | 2:252-260 9 AALLDGENM 20.8
H-zDh | 2:29-37 9 ALVIKDATH 22,2
H-2 Db | 2:339-347 9 PAYNSPRPA 26.3
H-z b |1:434-442 9 LALMDLLMF 6.8
H-ZDhb | 1:33-41 9 [ KawNFATC 39.0
H-zCh | 1:38-46 9 FATCGIFAL 43.0
H-ZDhb | 1:44-52 9 FALISFLLL 43.0
H-zCb | 1:93-101 9 SAMMNSHHYT 43.9
H-z Ob | 2:376-384 9 MAPTWIDIE 45,2
H-zCb |2:276-284 9 KAYLGAKRE 45.6 2
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T cell epitope identification

= More tools:

» MHC class | processing predictions
(Proteasome / TAP / MHC)

= MHC class Il binding predictions
= Ongoing evaluation

» fransparent process

* public datasets

= Machine interface




Outline

* Tool integration
= T cell epitope identification tools
= B cell epitope identification tools
» Epitope analysis tools

= VIsualization tools

: IMMUNE EPITOPE DATABASI
27 l ALY AMALYSIS RESOWLVRCE
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Scope

= Types of antibody epitope
= Continuous
= Discontinuous

= Aim of 15t release:

* Implementation of methods for
predicting continuous antibody epitope
from protein sequences



=

General Basis

= Locations of continuous epitopes within protein

sequences have been correlated with different
parameters such as:

= Hydrophilicity

= Flexibility

= Accessibility

= Turns

= EXxposed surface

= Polarity

= Antigenic propensity

= This has led to a search for empirical rules that
would allow the position of continuous epitopes
to be predicted from certain features of the
protein sequence.

l AND ANALYSIS RESOURCE

‘: IMMUNE EPITOPE DATABASE
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Implemented Methods

Hyrophobicity/hydrophilicity
= Hopp and Wood hydrophobicity prediction
» Parker hydrophilicity prediction
= Kyte and Doolittle hydropathy plot
Secondary structure
» Chou & Fasman alpha helix prediction
= Chou & Fasman beta-sheet prediction
» Chou & Fasman beta-turn prediction
Flexibility
» Karplus & Schulz flexibility prediction
= 3 separate scales
Surface exposure
= Emini surface accessibility prediction
= Emini equation
Antigenicity
» Kolaskar & Tongaonkar antigenicity prediction

= Kolaskar prediction method ‘
l

IMMUNE EPITOPE DATABASE
AMD AMALYSIS KESCHURCE



<) Antibody epitope prediction - Mozilla Firefox

File Edit Wiew @o Bookmarks Tools Help

Antibody Epitope Prediction

Enter a Swiss-Prot ld:

(example: PO2185)

Cir enter a protein sequence in plain format (5000 residues maximumy:

2

WLIEGEWMOLVLHEVITAEVEADVWAGHGOD ILIRLFESHPETLEEF DRFEHLETEAEMEASEDLEE

Choose a method:

) chou & Fasman Alpha Helix Prediction

O Chou & Fasman Beta-Sheet Prediction

() Chou & Fasman Beta-Turn Prediction

) Emini Surface Accessibility Prediction

(%) Hopp & Wood Hydrophobicity Prediction

O karplus 2 Schulz Flexibility Prediction

(O kolaskar & Tongaonkar Antigenicity

(0 Kyte and Doolittle Hydropathy Plot

) parker Hydrophilicity Prediction

[ Submit ] Feset

1. Specify protein sequence

2. Select a method

IMMUNE EPITOPE DATABASE
AMD AMALYSIS KESCHURCE




& Antibody Epitope Prediction Result - Mozilla Firefox

=0/
o

File Edit \jew Go  Bookmarks  Tools  Help
Hopp & Wood Hydrophobicity Prediction s
Sequence:
1 ¥YLEEGEWQLY LHVWAEWVEAD VAGHGODILI RLFESHPETL EEFDREFEHLE TEAEMELZED
61 LEFHGYTYLT ALGATLEEEG HHEAELKPLA (QSHATEHETP IEYLEFISEA TTHVLHISERHF
121 GNFGADAGGR MHNELLELFRE DIALEYEELG TOG
Center position: 3 Window size: b Fe-Caculate
Hopp & Wood Hydrophobicily Prediction
B Threshold = 0ATT
25
2_
1.5
1 _
&
=
g 054 ﬂ/( M m
£ )
o HJ u vU \TJ V” IERa |
=
=
& 054
E‘ _.1 _
-1.54
-2
'25 T T T T T T T
] 20 40 B0 an 100 120 140 160
Sequence Position
Average: 0.177 Minimum: -1.750 Maximum: 1.750 Threshold: 0.177 .
Click here to view plotted values in table format ]
Reference: Hopp TP & Woods KR, Prediction of protein antigenic determinants from amino acid =
seguences. Proc Watl Acad Sci S A, 1921 Jun: 72(61: 38243, )

'< | I

IMMUNE EPITOPE DATABASE
AMD AMALYSIS KESCHURCE
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B-cell epitope identification

*= Tool evaluation
= B-cell epitope prediction workshop

= New tool development (2" release)
= Sequence-based approach
= Linear epitopes
= Structure-based approach
» Linear + conformational epitopes

i
Q\.
——
= ]
.
e
=
-
z 2
]
23
S m



Outline

* Tool integration
= T cell epitope identification tools
= B cell epitope identification tools
» Epitope analysis tools

= VIsualization tools

: IMMUNE EPITOPE DATABASI
34 l ALY AMALYSIS RESOWLVRCE



Epitope Analysis |
Conservancy
= How well Is an epitope conserved

across different sources (e.g. viral
strains)?

: IMMUNE EPITOPE DATABASI
35 l ALY AMALYSIS RESOWLVRCE



@ Epitope Conservancy Analysis - Mozilla Firefox

File Edit Mew Go  Bookmarks  Tools  Help

Epitope Conservancy Analysis Example Dataset

Epitope Conservancy Analysis

Enter epitope sequences in FASTA format:

NP 1 ||
HSASKEVESFLUTOS '
NP 21

SGTCSNIKLOVVEDL
NP 41

GLIFSEVSNVORLME
NP 61

DGDLERLEDLNOLVH
NP &1 [
b |

Enter protein sequences in FASTA format:

53643 Lassa NF |
HSASKEvRSFLHTQSLRRELSGYCSNIKLviKDAQALLHGLDFSE?SN?QRLHRKQKRDDGDLKRLRDLNQEHNNL?ELTL:
>9294837 Lasza NP ;
MENSKEIKSFLUTOSLERELSGYCONIKLOVVEDAQAL LHGLDFAEVANVORLMEEOKRD DADLERLRED LNOAVINLVEL]
»89294540 Lassa HF

M KEVESFLUTOSLERELSGYCONIKLOVVEDAQAL LHGLDF 3EVNNVORLMEEOKRD DGDLERLRED LNOAVINLVEL]
»9294544 Lassa HF

TIARRTAIVGRAWNEN TTWVDLLESDGEP OEVGTAGINES LS AGFPTGLTYSOLMTLED 3 MMOLDPSAKTUID IEGRFED V]
»9294546 Lassa HF
TIARRTAIVGRAWNENTTVDLLESDGEP OV GTAGINES LS AGFPTGLTYSOLMTLED 3 MMOLDPSAKTUID IEGRPED V]
»92945485 Lassa HF
TIARRTAIVGRAWENTTWVDLESDGEP OEVGTAGINELLOS AGFPTGLTYSOLMTLED 3 MMOLDPSAKTUID IEGRPED V]
»892945850 Lassa HF

TIARTAIVGRANEN TIVDLES DS KPR OV GA T GENES LS AGFPAGLTYSOLMTLED 3 MMOLDPSAKTUID IEGRFED V]
»929485:2 Lassa HF
FTIASRTSIVGRANENTIVDLESDSKPOEVGAI GSNESLOS AGFPAGLTYS QLM TLEDSMMOLDPS AETWID IEGRPEDE V% |

(] [ *

Subimit Feset

M|
o

|

Tutorial

1. Enter epitope
sequence(s)

2. Enter protein
sequence(s)




<) Epitope Conservancy Analysis Result - Mozilla Firefox g@
o

File Edit Miew Go  Bookmarks  Tools  Help
Epitope Conservancy Analysis Example Dataset Tutorial il
Epitope Conservancy Analysis Result
Minimum identity threshold: || 700% ol
EI}“E}; Nao. E:::I?:;e Epitope sequence Iigllltic;:ll:a- Percent 0fi ::;ﬁ::;lzs:ggznie ;'I'MCIIES at T:;::::Illu;l I'u'laximinlitlemiw (?ni:lt?ilrs
1 MNP 1 MSASKEVKSFLWTOS 15 7.B1% (5/64) 20.00% 100.00%
2 MNP 21 SEYCSMIKLOWK DA 15 17.19% (11/64) 26.67% 100.00% G50
3 MNP 41 GLDOFSEVSMNWQRELME 15 15.62% (10/64) 26.67% 100.00% GO
4 MNP 51 DGEDOLKERLEDLM AT 15 4.69% (3/64) 20.00% 100.00% Ga
3 MNP 21 ESTOQRSWLRWVGTLS 15 3.12% (2/64) 26.67% 100.00% [£1u]
& MP 101 TLAADLEKLKSKWVIR 15 6.25% (4/64) 33.33% 100.00% []u]
7 MNP 121 SSEVMGMNLSSQOLD 15 5.25% (4/54) 33.33% 100.00% Go
8 NP 141 | LMMIGMSGGNOGEA0T 15 3.12% (2/64) 26.67% 100.00% Go
9 MNP 161 | WYEVWDWVKRAELLNMG 15 10.94% (7/64) 20.00% 100.00% Go
10 MNP 151 SLTLACLTEQGOVDL 15 17.19% (11/64) 26.67% 100.00% Go
11 MNP 201 AL TOLGLIYTAKYPM 15 17.19% (11/64) 26.67% 100.00% G0
12 MNP 221 FLTQSHPILMMIDTE 15 7.B1% (5/64) 20.00% 100.00% G0
12 MNP 241 [SGYMNFSLGAAVIKAG 15 15.62% (10/64) 26.67% 100.00% Ga
14 MNP 261 GEMMLETIKWVSPOTM 15 10.94% (7/64) 26.67% 100.00% [£1u]
15 MP 281 SILEVEKSLGMFISD 15 0.00% (0/64) 26.67% 93.33% []u]
16 MNP 301 MNPYEMILYKICLSGD 15 14.06% (9/64) 20.00% 100.00% Go
17 MNP 321 ASETSITGRAWEMTY 15 67.19% (43/64) 86.67 % 100.00% Go
15 NP 341 | DGEPQKAGSHMSMES 15 28.12% (18/64) 60.00% 100.00% Go -
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T W

‘i] Conservancy analysis details for epitope #1 - Mozilla Firefox

)

Conservancy analysis for epitope #1

Epitope name Epitope sequence Epitope lendgth | Percent of protein sequence matches at identity = 100%
MNP 1 MSASKEVESFLWTOS 15 7.81% (5f64)
Show records with identity = | 10% MH Show records |
Protein No. 4 ¥ | Protein name Positions | Protein sub-sequence(s) ldentity & ¥
1 S8643 Lassa NP 1-16 MSASEEVESFLWTOS 03.233%
2 0294837 Lassa MNP | 1-16 MSHNSEE IKSFLWTOS B6.67%
3 Q294340 Lassa MNP | 1-16 MSASEEVESFLWTOS 100.00%
4 0294844 Lassa NP | 143-158 | COGSDD IEELLD 300G 26.67%
| Q294846 Lassa WP | 143-158 | COGSDD IKRLLD QG 26.67%
a] 0294348 Lassa NP | 143-158 | COGSDDIERLILD QG 26.67%
21-36, ESDSKP(KVGAIGEN, .
7 Q2948350 Lassa NP 143-158 | COGSDDTKEILDSQG 26.67%
21-36, ESDSKF IKVGAIGSN, o
a Q294852 Lassa NP 143-158 | COGSDDIKEILDSQG 26.67%
Q 0294854 Lassa NP | 143-158 | COGSDDIEEILDS0G 26.67% Ml
111] ] [l]

L4
Dane

Blue: Matching residues
Red: Non-matching residues

b UNE EFITOPE DATABASE
AND ANALYSIS RESOURCE



Epitope Analysis Il
Population Coverage

= Glven a set of epitopes with known
MHC restriction(s), what Is the
predicted coverage In a population
with known MHC allele frequencies?

: IMMUNE EPITOPE DATABASI
39 l ALY AMALYSIS RESOWLVRCE
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Background

= MHC restriction

= T cell epitope will elicit a response only in individuals
that express an MHC molecule capable of binding that
particular epitope
= MHC polymorphism
= Over a thousand different MHC alleles are known In
humans
= MHC alleles are found at dramatically different
frequencies in different ethnicities
= Motivation

= How to design T-cell epitope-based diagnostics and
vaccines to be effective across different populations

My .
Y IMMUNE EPITOPE DATABASE
l AMD AMALYSIS KESCHURCE



< Population Coverage Calculation - Mozilla Firefox
File Edit Miew Go  Bookmarks  Tools  Help @

Population Coverage Calculation Population ! Area Infornmation Example Data Sets Population Coverage Tutorial

Population Coverage Calculation

2. Select population(s)

Select area(s) andor population(s):

Select calculation option{s):

> Europe :Finn E”:.I i Class I separate
> Europe : Geaorgian

> Europe :lrish
> Europe : Morth America (Eu)
> BEurope : Slovenian

Marth Africa .
> Morth Aftica : Algerian 99 v| | Hlclass 1 and 11 combined

I Add user population(s) ] L2 | Compute ]l[ Feset |
Click here to 1 Enter epltopes and reSt”C“ng a”eles ectriction data in the form below:

Celass 11 separate

No. Epitope MHC Restricted Allele(s)

1| Fakavcvey HLA A*0201, HLA A*0202, HLA A*0203, HLA A*0206, HLA A*5802 | Browse... |
2 | [FUFFDLRLY HLA A*I201, HLA A*0202, HLA A*0203, HLA A*0206, HLA A*502 | Browse. |
3 | GLMVLSFL HLA A*0201, HLA A*0202, HLA A*0203, HLA A*0206, HLA A*2301 | Browse..
s | VLAGLLGNY HLA A*0201, HLA A*D202, HLA A*0203, HLA A*0206, HLA A*502 | Browse.. |
5 | |GLLGNVSTY HLA A*0201, HLA A*0203, HLA A*0206 | Browse.. |
6 || KILSVFFLA HLA A*0201, HLA A*D202, HLA AD206, HLA A*0301, HLA A*1107 | Browse... |
7| iLsvasriry HLA A*0201, HLA A*D202, HLA A*0203, HLA A*6802, HLA A*2301 | Browse..
s | MLLGGVGLL HLA A*0201, HLA A*2301 | Browse... |




E Population Coverage Calculation Result - Mozilla Firefox u@ﬁ
Q

“7 IMMUNE EPITOPE DATABASE

File Edt ‘Yiew Go Bookmarks Toaols  Help

D ANALYSIS RESOURCE

Population Coverage Calculation Population / Area Information Example Data Sets Populatien Coverage Tutorial

Population Coverage Calculation Result

Class |
Population / Area
Coverage = | Average hit ® | Pcoo ©
Europe : Irish Q7 F7% 10.63 4,81
Europe : Morth Armmerica (Eul | 96.37% 10.36 4,55
Average a7.07% 10.49 4.68
(Standard devdation) (0. 70%) {0.14) {0.13)

A projected population coverage
b 5verage number of epitope hits / HLA combinations recognized by the population
C minimum number of epitope hits f HLA combinations recognized by 90% of the population

]

Coverage: Projected population coverage
Average hit: Average number of epitope hits / HLA combinations recognized in the

population
PC90: Minimum number of epitope hits / HLA combinations recogn

| \Z
the, population ..

by 90% of

IMMUNE EPITOPE DATABASE
AND ANALYSIS RESOURCE




Outline

* Tool integration

= T cell epitope identification tools

= B cell epitope identification tools
mm)= Epijtope analysis tools

=)= \/jsualization tools

: IMMUNE EPITOPE DATABASI
43 l ALY AMALYSIS RESOWLVRCE



Visualization Tools

= Epitope Viewer
Displays 3D structure and contact
Information curated in the IEDB

=)= Homology Mapping Tool

44

Maps linear epitopes to proteins
with known 3D structure from the
Protein Data Bank (PDB)

: IMMUNE EPITOPE DATABASI
l ALY AMALYSIS RESOWLVRCE



=L |[|EDB Homology Mapping Tool - Netscape

. File Edit View Go Bookmarks Tools Window Help

@ O O O |% http://localhost:7001/eptopdb/eptopdbtool

f/, . 4 Home [ Netscape T, Search % Customize... % Google % Bank of America ... % Overview (Java ... % ExPASy- Swiss—... % Teach Yourself J... % IMGT/3Dstructur... % Entrez PubMed % ELECTRONICJO... % PDBsum - A data...

‘@Nelscapev | Search Terms ‘V] o} > 7 FormFill = - Clear Browser History EN&WS FAEmail {Weather & AIM
IEDB HOMOLOGY MAPPING TOOL

Mapping of Linear Epitope from Antigen Protein to the Proteins with Known 3D Structures by Sequence Similarity Searcl
Sequence against Protein Sequences in the PDB

CLICK HERE TO OPEN THE TOOL TUTORIAL

Input the Antigen Proteirl >sp|P22895|P34_SOYBN P34 probable thiol protease precursor (EC 3.4.22.-) - Glycine max (Soybean).
SWISS-PROTID or MGFLVLLLFSLLGLSSSSSISTHRSILDLDLTKFTTQKQVSSLFQLWKSEHGRVYHNHEEEAKRLEIFKNNST

Sequence (raw or in
FASTA format)

K| 1l

Input the Linear Epitope ] PQEFSKKYLQ
Sequence for the Antigen!
Protein

Input the Starting |
Position of the Epitope i - - : : g Squc match with no gaps.
the Antigen Protein If you fill in wrong position it will be treated as correct despite on non-matchmg epltope sequence.

Sequence

NCBI Blast E-value High (0.001)  ~|
Cutoff

NCBI Blast Gap Costs :Exislence: 11 Extension 1 ~ _'

Search for PDB Structures | | Paste Example 1 | | Paste Example 2 | Paste Exar

IMMUNE EPITOPE DATABASI
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List of PDB IDs related to the epitope PQEFSKKYLQ at position 100 in the query antigen sequence

PDB |Chain Alignment Alignment | Sequence E Value | Number of Query
ID Length |ldentity in the Gaps in the Epitope
(including | Alignment Alignment | Sequence
gaps) (including Identity in the
gaps) (%) Alignment
1PCI 6.60854e-50
RLEIFKNNSNYIR

AFPEDV

*

VGSLIDA

SQQIRME

++

ADLS HD HE

Display in Epitope Viewer

ITT
VLL

INHFV

E *x* X

6.60854e-50
(4/10)
IMMUNE EFLTOPE DATABANE
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£ MBT EpitopeViewer: 1pci E

4 e - -
Full Sequences | Debug J| Structure
Antigen LTSTERLIQLFRSWMLHHNKFYERVDEKLYRFEIFKDNLHYIDE THKKNRSYWL GLNEF ADLS SLIDRTI Click here to go to the PDB (
(C): EQSYDEEFINEDIVHL PENVDWRKKGAVTPVRHOGSCESCWAFSAVATVEGINKIRT GKLVEL SEQELVD CERRSHGCKG
GYPPYALEYVAKNGIHLRSKYPYKAKOGTCRAKQVGGPIVKTSGVGRVQPHREGHLLHATAKQPYSVVVESKGRPFOLYK
GGIFEGPCGTKYDGAVTAVEYGKSGEKGYILIKNSHGTAWGEKGYIRIKRAPGNS PGV CELYKSSYYP TKH

Credits
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Points of Interaction with BRCs

mm)= Assigning source proteins to epitopes
* Tools

» Epitope Conservancy
* Direct linking

= Direct links to pathogen specific
iInformation

= Point out literature missed
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Assigning Epitope Sources

Literature: "... Epitope SLRTYKWQL comprising
residues 46-54 of the influenza matrix protein..."

Problem: We often want sequence of source protein

Process: assign a SwissProt / GenBank protein that:
= contains epitope (position match if possible)

* matches source species (strain if possible)

" matches name

Better: Non-redundant set of high quality sequences
with pathogen specific consistent naming conventions

. 1 ! EEPITOPE I IABANE
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@ Epitope Conservancy Analysis - Mozilla Firefox g@
File Edit Mew Go  Bookmarks  Tools  Help ﬂ

Epitope Conservancy Analysis Example Dataset Tutorial [

Epitope Conservancy Analysis

Enter epitope sequences in FASTA format:

*NP 1 Bl
MaASKEVERFLWTOR ;.'
*NP 21

SEYCSNIELOVVED L

*NP 41

GLDF3IEVENVORLME

*NP &1

DGEDLERLEBDLMNOALVTE

=NP 81 [t
Enter protein sequences in FASTA format:

»58643 Lassa NFE [ |
HSASKEvRSFLHTQSLRRELSGYCSNIKLQH?KDAQALLHGLDFSE?SNHQRLHRKQKRDDGDLKRLRDLNQAUNNL?ELT?: =
>9294837 Lassa NP ]
NN KEIKSFLUTOSLRRELIGYCINIELOVVED AQAL LHGLDF 3EVENVORLMREEQERDDADLERLED LN OAVINLVEL]
2294540 Lazsza NFE

NS RS KEVESFLUTOSLRRELIGYCINIELOVVED AQAL LHGLDF 3EVNIVORLMREQERD D GDLERLED LN OAVINLVYEL]
FR294544 Lazszsa HFE

TIASRTIIVGRAWEN TTVDLESDGEP OV GTAGENESL oS AGFPTGLTYS QLN TLEDSHMOLDPSAKTWID IEGRPED PV
»R294546 Lazszsa HFE

TIASRTIIVGRAWEN TTVDLESDGEP OV GTAGENESL oS AGFPTGLTYS QLN TLEDSHMOLDPSAKTWID IEGRPED PV
FR294548 Lazszsa HFE
TIASRTIIVGRAWENTTVDLESDGEP RV GTAGENELL oS AGFPTGLTYS QLN TLEDSHMOLDPSAKTWID IEGRPED PV
FR294850 Lazszsa HF

TIASRT3IVGRAWEN TIVDLES DS KPP OEVGAT GENESL oS AGFPAGLTYS QLN TLEDSHMOLDPSAKTWID IEGRPED PV
FR294552 Lazszsa HF
FTIASRTSIVGRANENTIVDLESDSKPOEVGAI GSNESLOS AGFPAGLTYS QLM TLEDSMMOLDPS AETWID IEGRPEDE V% |
[ | | ¥

Subimit ][ Feset ]
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* Tools
) = Epitope Conservancy
=) = Direct linking
= Direct links to pathogen specific
iInformation

= Point out literature missed
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2 Immune Epitope Database and Analysis Resource - Mozilla Firefox

File Edit \Miew Go  Bookmarks Tools  Help @
.Y
Display Settings: Options: Analyze Selected Records:
Format [ Summary - [E“EW—‘T"ﬂ Tool: | T Cell Epitope Predigiion v
evize Quen
Shois |1 o« Save Queny]

[iew Cuery Details)

[Cefine Custom Repord] B RC é 9 I E D B

9 iterns found, displaying all iterms.

Fage 1
[ ]|Links |Reference Structure Source Assay
Details Samita 8 Andreansky Journal of wirology. 2004 RTFSFGLI Influenza Avirus (APRIBIZHIMNIY W2 T + Cytakine
Release-IFM-g
[ Details Samita 5 Andreansky Journal of virology, 2005 LSLRMPILY  Influenza Avirus (APREIE3HINTY PB1-F2 T + Cytokine
Felease-IFM-g

<form action="http:/immuneepitope.org/tools/mhc_| binding
method="post">

<input name="sequence" value="RTFSFQLI" />
<input type="submit" />
</form>

"""" | (Baltirnore, Md. ;19501 2005 Release-IFh-g
9 jiterns found, displaying all items.
Fage 1

Export all results: EI Excel

Help us make the IEDE better by reporting erroneous entries

Much of the information contained in the IEDB is manually extracted by experts from scientific literature using significant effort to ensure accuracy. If wou recognize an erar or misinterpretation, we
would greatly appreciate your help by using the feedback form to report any potential problems vou observe. Please be sure to include (1) the IEDB identifier of the problematic record, (2 the field

rarear=1imn nilicel b mrebRlamrm e lacestad anAd 2R s cearractasd Fiald seslinae-



Points of Interaction with BRCs

= Assigning source proteins to epitopes

* Tools
» Epitope Conservancy

=) = Direct linking
m)= Direct links to pathogen specific
Information

= Point out literature missed
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© Immune Epitope Database and Analysis Resource - Mozilla Firefox

File Edit

View

Go Bookmarks  Tools  Help

Display Settings:

Options:

Analyze Selected Records:

Farmat; | Summary

ey Claery

]

Shoma |11

Fevise Quer]

" Save Query
[iew Cuery Details)

[Define Custom Repod]

Toal; | T Cell Epitope Frediction |+

Analyze |

9 iterns found, displaying all iterms.

Fage 1
[ ]|Links |Reference Structure Source Assay
Details Samita 8 Andreansky Journal of wirology. 2004 RTFSFGLI Influenza Avirus (APRIBIZHIMNIY W2 T + Cytakine
Release-IFM-g
[] Details Samita 5 Andreansky Journal of virology, 2005 LSLRMPILY  Influenza Avirus (APREIE3HINTY PB1-F2 T + Cytokine
Felease-IFM-g
Details David H Canaday Journal ofimmunological methods, GLKGGPSTE  Influenza Aviras (AWPREE4HT MY Matrix protein 2 T + Cytakine
2003 Release-IFM-g
Details 5 M Mansour Haerfar Journal of immunology SSLEMFRAY Influenza Avirus (AfPuerto Rico/8r3d(H1 1) Polymerase T+ Cytokine
(Baltimore, Md. : 19503 2005 acidic protein (PA) Felease-IFM-g
Details 5 M Mansour Haerdar Journal of immunolooy ASHEMMETM Influenza & virls (AFFuerto RicofBE40H1 M1 T + Cytokine
(Baltimare, Md. ; 1950% 2004 Mucleoprotein Release-IFm-g
Details Christopher Lawrence Journal af immunalagy Ly @R GETY Influenza Avirds Alapani3098 T (HZMNZ) Hemagaglutinin T + Cytakine
(Baltirmore, Md. ;19500 20045 precursar Felease-IFM-g
[] Details Christopheri Lawrence Journal of imrmunology FMATWAGSL  Influenza Avirus (Afdapanf30amnmyiH2MN2) Hemaogglutinin T + Cytokine
(Baltimore, Md. ;1950 2005 precursor Felease-IFM-g
[] Details Christophert Lawrence Journal ofimrmunology TWWEVGTET  Influenza Avirus (Alapani309aTHZMNZY Hemagalutinin T + Cytakine
(Baltimare, Md. : 1950% 2004 precursor Release-IFM-g
vl Details Christopher Lawrence Journal of imrmunology TYRARTRALY  Influenza Avirls (Allapanf30amimyiHZMNZD Mucleoprotein . T + Cytokine
(Baltimore, Md. ;1950 20045 Felease-IFM-g

9 jiterns found, displaying all items.

Fage 1

Export all results: EI Excel

Help us make the IEDE better by reporting erroneous entries

R P, W sy

1A sealino=

Much of the information contained in the IEDB is manually extracted by experts from scientific literature using significant effort to ensure accuracy. If wou recognize an erar or misinterpretation, we

would greatly appreciate your help by using the feedback form to report any potential problems vou observe. Please be sure to include (1) the IEDB identifier of the problematic record, (2 the field
b odb oo memb o e Lo aded g T bk e o rre e A £




Points of Interaction with BRCs

= Assigning source proteins to epitopes

* Tools
» Epitope Conservancy
* Direct linking

m)+ Direct links to pathogen specific
iInformation

=)= Point out literature missed
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